Although DNA nanowires have proven useful as a template for fabricating functional nanomaterials and a platform for genetic analysis, their widespread use is still hindered because of limited control over the size, geometry, and alignment of the nanowires. Here, we document the capillarity-induced folding of an initially wrinkled surface and present an approach to the spontaneous formation of aligned DNA nanowires using a template whose surface morphology dynamically changes in response to liquid. In particular, we exploit the familiar wrinkling phenomenon that results from compression of a thin skin on a soft substrate. Once a droplet of liquid solution containing DNA molecules is placed on the wrinkled surface, the liquid from the droplet enters certain wrinkled channels. The capillary forces deform wrinkles containing liquid into sharp folds, whereas the neighboring empty wrinkles are stretched out. In this way, we obtain a periodic array of folded channels that contain liquid solution with DNA molecules. Such an approach serves as a template for the fabrication of arrays of straight or wrinkled DNA nanowires, where their characteristic scales are robustly tunable with the physical properties of liquid and the mechanical and geometrical properties of the elastic system. DNA nanowires | capillary forces | wrinkling | folding | instability A ssembling biomolecules and microorganisms (e.g., virus and DNA) into a desired architecture has offered new routes to the fabrication of nanomaterials (1, 2). In particular, DNA nanowires have proven useful as a template to fabricate functional nanomaterials and as a platform for genetic analysis (3-5). Molecular combing and its derivatives have been used widely to obtain such nanowires using an aqueous solution of DNA molecules, where capillary forces of the solution at a receding meniscus act to stretch and immobilize the molecules on a solid surface (6). To manipulate the size, geometry, and alignment of nanowires, much effort has been devoted to controlling the evaporation of the solutions by adjusting experimental parameters, such as concentration and temperature, or applying external forces that move the droplets in a desired direction (7-9). However, these approaches require careful handling only to generate nanowires that are randomly positioned and oriented. Templates whose surfaces are decorated with patterns, such as microwells (10), nanogratings (11), and micropillars (12, 13), have been shown to guide the location of nanowires. However, the experimental approaches for creating such patterns largely rely on lithography-based methods, which involve complex processes that are not readily accessible.
Although DNA nanowires have proven useful as a template for fabricating functional nanomaterials and a platform for genetic analysis, their widespread use is still hindered because of limited control over the size, geometry, and alignment of the nanowires. Here, we document the capillarity-induced folding of an initially wrinkled surface and present an approach to the spontaneous formation of aligned DNA nanowires using a template whose surface morphology dynamically changes in response to liquid. In particular, we exploit the familiar wrinkling phenomenon that results from compression of a thin skin on a soft substrate. Once a droplet of liquid solution containing DNA molecules is placed on the wrinkled surface, the liquid from the droplet enters certain wrinkled channels. The capillary forces deform wrinkles containing liquid into sharp folds, whereas the neighboring empty wrinkles are stretched out. In this way, we obtain a periodic array of folded channels that contain liquid solution with DNA molecules. Such an approach serves as a template for the fabrication of arrays of straight or wrinkled DNA nanowires, where their characteristic scales are robustly tunable with the physical properties of liquid and the mechanical and geometrical properties of the elastic system. DNA nanowires | capillary forces | wrinkling | folding | instability A ssembling biomolecules and microorganisms (e.g., virus and DNA) into a desired architecture has offered new routes to the fabrication of nanomaterials (1, 2) . In particular, DNA nanowires have proven useful as a template to fabricate functional nanomaterials and as a platform for genetic analysis (3) (4) (5) . Molecular combing and its derivatives have been used widely to obtain such nanowires using an aqueous solution of DNA molecules, where capillary forces of the solution at a receding meniscus act to stretch and immobilize the molecules on a solid surface (6) . To manipulate the size, geometry, and alignment of nanowires, much effort has been devoted to controlling the evaporation of the solutions by adjusting experimental parameters, such as concentration and temperature, or applying external forces that move the droplets in a desired direction (7) (8) (9) . However, these approaches require careful handling only to generate nanowires that are randomly positioned and oriented. Templates whose surfaces are decorated with patterns, such as microwells (10) , nanogratings (11) , and micropillars (12, 13) , have been shown to guide the location of nanowires. However, the experimental approaches for creating such patterns largely rely on lithography-based methods, which involve complex processes that are not readily accessible.
Mechanical instabilities that occur in response to external stimuli (e.g., loading and heat) and geometric constraints cause surface wrinkling and folding of skin-substrate systems, which are ubiquitous in nature and have been harnessed to create wrinkled and folded materials for versatile applications (14) . The transition from wrinkling to folding occurs when the mismatch compressive strain between the skin and substrate attains a critical value and has been exploited to develop functional materials and to rationalize morphogenetic features of biological systems (15) (16) (17) (18) (19) (20) . The wrinkle-to-fold transition is, however, difficult to achieve in practice because relatively large compressive strains need to be induced in the skin-substrate system (15, 17, 18, 21, 22) . Addressing this limit would open up new opportunities for the development of advanced functional materials.
Here, we present an approach for the spontaneous formation of unidirectionally aligned DNA nanowires using a wrinkled skinsubstrate template, which changes its surface morphology dynamically in response to water. In particular, we exploit capillary forces of water containing DNA molecules to trigger a wrinkle-tofold transition of the template surface in an unconventional way, which in turn stretches and confines the molecules in a periodic array of folds without any external forces. This approach allows us to robustly control the size of DNA nanowires and manipulate their morphology between straight and undulating.
The template was prepared by oxygen plasma treatment of prestretched polydimethylsiloxane (PDMS) substrates for varying durations t, resulting in a skin-substrate system with a range of skin thicknesses. The nominal compressive strain e induced in the skin was measured relative to the prestretched state of the substrate, and the magnitude of e was controlled by adjustment of the release of the stretch. Unless otherwise noted, the contact angle θ of a droplet on the flat skin surface is θ ≈ 5°.
Results and Discussion
The spontaneous formation of DNA nanowires is illustrated in Fig. 1 A and B . When a droplet of water contacts a wrinkled skin, localized folds emerge at the boundary of the droplet, which is accompanied by spontaneous formation of water filaments that, in the case of a solution of DNA, help stretch and confine the molecules to the folds. While the droplet is spreading over the Significance Developing a method that is capable of manipulating the size, geometry, and alignment of DNA nanowires would expand their uses in fabricating functional materials and performing genetic analysis. Here, we present an approach that yields arrays of size-controllable straight or undulated DNA nanowires. This approach uses a template composed of a thin skin that dynamically changes its surface morphology in response to water. In particular, we exploit capillary forces of water containing DNA molecules to induce a wrinkle-to-fold transition of the template surface in an unconventional way, which in turn stretches and confines the molecules in the folded regions without any external forces and consequently forms the nanowires. This approach could make possible new fabrication opportunities for functional materials.
surface the folds continue to form at the boundary (red dotted boxes in Fig. 1B ). Once the water evaporates, an array of DNA nanowires appears (Fig. 1C) .
Here, we uncover a unique feature of the wrinkle-to-fold transition of the skin due to water. Upon deposition of a water droplet on a skin that has already been wrinkled due to small compressive strains, folds containing water filaments immediately appear around the boundary of droplet ( Fig. 2A and Movie S1). The horizontal component γcosθ of the surface tension of water (γ = 0.072 N/m) pulls on the wrinkled skin and forms localized folds containing water, whereas the amplitude of the neighboring empty wrinkles is reduced (Fig. 2B) . Note that when a droplet is placed on an initially flat uncompressed surface (e = 0.00), the surface remains flat. However, once the skin is subsequently compressed by e ≈ −0.01, which is equivalent to the critical strain e c for surface wrinkling as described below, localized folds emerge around the droplet boundary (red triangles in Fig. 2C ). As the magnitude of e further increases, the folds increase in length, while wrinkles develop among and ahead of the folds (Movie S2). These results suggest that in contrast to conventional approaches, where the wrinkle-to-fold instability requires large compressive strains, in the presence of water the folding instability can be initiated using only small strains that are required to form wrinkles. In fact, when a droplet is placed on a skin prewrinkled by e ≈ −0.01, localized folds appear on the surface (Fig. S1 ).
To explain these observations, we briefly review the wrinkling of skin-substrate systems in the absence of a water droplet (21) . For small compressive strains, the skin compresses together with the substrate, whereas for compressive strains beyond a critical strain e c , it is energetically more favorable for the skin to wrinkle, because thin elastic sheets are easier to bend than to compress. The characteristic wavelength λ 0 of wrinkles can be obtained by minimization of the total elastic energy, which consists of the bending energy of the skin (U B ) and the deformation energy of the substrate (U D ). For small strains, the height profile of the wrinkles can be approximated as z(x) = Acos(2πx/λ), where the amplitude A = (λ/π)jej 1/2 is obtained by assuming that the skin is incompressible.
Here, we introduce the in-plane dimensions of a rectangularshaped soft substrate with a stiff skin of size L x × L y and bending stiffness B = E f h 3 /12(1 − ν f 2 ), where h, E f , and ν f are the thickness, Young's modulus, and Poisson's ratio of the skin, respectively. When the skin-substrate system is compressed in the x direction to the size L x (1 − jej), we obtain U B = L x L y (4π
Note that the energy U D is measured relative to the compressed state in the absence of wrinkles, and K is a constant given by K = 2E s (1 − ν s )/(1 + ν s )(3 − 4ν s ), where E s and ν s are the Young's modulus and Poisson's ratio of the substrate, respectively. By minimizing the total energy U B + U D with respect to λ, one obtains the characteristic wavelength of wrinkles
. For moderate compressive strains, the wavelength is reduced to λ = λ 0 (1 − jej), whereas for large compressive strains (jej > 0.3), sharp localized folds are observed due to nonlinear elastic deformations. As mentioned above, the onset of wrinkling occurs for compressive strains larger than e c = −(Kh
or equivalently when the compressive stress in the skin reaches
. In the wrinkled state, the compressive stress in the skin remains constant,
, as indicated by the linear relation of the energy costs U B and U D with e. Thus, small additional surface forces can produce large deformations, which is critical for the explanation of our experimental results.
Extreme sensitivity of the wrinkled state to forces exerted by the liquid-air surface tension can be demonstrated as follows. The energy of the wrinkled state, which corresponds to the optimal wavelength of wrinkles λ 0 , is U wrinkled (L x 
jej, where C is a numerical constant. When a liquid droplet is placed on the wrinkled surface, the liquid imbibes into certain wrinkled channels of total width L 1 , whereas the rest of the wrinkles of total width L 2 = L x -L 1 are free of liquid. The forces due to surface tension effectively compress the region L 1 to a new strain je 1 j by performing work W = γcosθ L y L 1 (je 1 j − jej). Note that the effective strain je 2 j in the liquid-free region is subsequently reduced to je 2 j = jej − (je 1 j − jej)(L 1 /L 2 ) because the total width of the system is fixed to
The relations presented above demonstrate that the elastic energy of the wrinkling is the same in both the initial and the final states [U wrinkled (L x 
. Therefore, the total free energy of the wrinkled system can be lowered by increasing the compressive strain je 1 j of the wrinkled region that contains liquid, which is due to the work W done by the liquid-air surface tension. Note that in this linear elasticity analysis the total free energy would be minimized by making the compressive strain je 1 j of wrinkles containing liquid as large as possible. The surface tension thus keeps squeezing the wrinkled channels until the nonlinear elastic terms associated with sharp folds balance the capillary forces.
In our experimental system, E f = 200 MPa, E s = 0.5 MPa, ν f = 0.35, and ν s = 0.5 (23) (24) (25) (26) , yielding the critical compressive strain e c ≈ −0.01 and critical compressive stress σ c ≈ 2 MPa; further, the skin thickness h increases linearly with the duration of oxygen plasma treatment t (27) . Once a droplet is placed on the uncompressed surface (e = 0.00), the stress in the skin of h ≈ 60 nm due to the surface tension γ is approximately σ ≈ γcosθ/h = 1 MPa < σ c . Thus, even with water, the surface should remain flat, as observed in our experiments (Fig. 2C) . In contrast, once the skin is wrinkled, the water at the boundary of a droplet starts entering wrinkled channels, which are subsequently squeezed into folds by the capillary forces. As illustrated in Fig.  2C , when a droplet is placed on a flat skin-substrate surface, folding begins once the strain reaches the critical wrinkling strain e ≈ e c ≈ −0.01. This experimental result suggests that wrinkles change into folds immediately after coming into contact with water, accompanied by the growth of water filaments. Such liquid filaments spontaneously form provided that the wetting angle θ for the surface falls below a critical value for a given aspect ratio (height/width) of wrinkles (28, 29) , because, for large θ, water from the droplet does not enter wrinkled channels. As described above, the wrinkled skin is highly sensitive to additional surface forces, and the surface tension due to the filaments pulls in the skin until the force is balanced by nonlinear elastic deformations in the fold. As a result, the amplitude of the neighboring wrinkles is reduced (Fig. S2) .
Next we characterize properties of the resulting array of folds. Fig. 2D summarizes the peak-to-peak distance of the wrinkles and folds, L W and L F , obtained at compressive strain e ≈ −0.03 for skins that were obtained by the oxygen plasma treatment for t = 2-20 min. Note that L w is the same as the wavelength of wrinkles λ = λ 0 (1 − jej) introduced above, and L F can be approximated as
, where e F is the typical compressive strain for the folding transition of the skin-substrate system in the absence of water. We observe that L w and L F increase linearly with the duration of oxygen plasma treatment t, which is consistent with the equations above predicting linear scaling with the skin thickness h. When t = 2 min, for example, L w and L F measure 708 ± 32 and 467 ± 43 nm, respectively, which yield L F /L W ≈ 0.66. Using e ≈ −0.03 and e F ≈ −0.35, the latter of which is in the range of typical values of e F for the folding transition, the ratio L F /L W ≈ (1 − je F j)/(1 − jej) ≈ 0.67, which is in good agreement with the (Fig. 2E) . Because the effective bending resistance of the skin increases with the skin thickness h, which increases with t, we expect the fold length l to decrease with t. Fig. 2F reports L w and L F for t = 3 min as a function of jej, where representative line profiles of the folds for jej ≈ 0.02, 0.08, and 0.17 are displayed. When jej is small, the neighboring region of the fold appears almost flattened, which is probably because the amplitude of the initial wrinkles is small, and a larger number of wrinkles should be rearranged to accommodate the changes in local strain caused by water. However, for larger jej, the number of wrinkles involved in the formation of a single localized fold should become smaller. These results suggest that the initial strain affects the configuration of the resulting folds.
As mentioned above, once a localized fold is formed, the neighboring multiple wrinkles decrease their amplitude, which inhibits the formation of water filaments in the adjacent region, because water filaments only penetrate wrinkled channels with sufficiently large aspect ratio (height/width) (29) . Therefore, the next wrinkle invaded by a water filament has to be some distance away, where the effects of the first fold are diminished. Because the aspect ratio of wrinkles A/L w only depends on the compressive strain e, we expect that the spacing s between folds should have no significant change with t (Fig. 2E) . We observe that the wrinkle-tofold transition occurs only upon the formation of water filaments, and the range of the contact angles where the transition occurs becomes slightly wider as h decreases (Fig. S3) . One possible reason might be that for thinner skins the additional compressive stress imposed by water becomes more effective in altering the aspect ratio of the wrinkles around the boundary of the droplet, which affects the critical contact angle for water that imbibes into the wrinkled channels.
The aligned DNA nanowires confined to the folds appear on the surface when e is properly adjusted (Fig. 3 A and B) . The width of the nanowires can be manipulated by the dimensions of the initial wrinkles where a droplet is placed, which can be controlled by t and e (Fig. 3 C and D) . Note that by regulating the compressive/tensile strains we can also produce undulating DNA nanowires (Fig. 3E) . Controlling the shape of nanowires is expected to yield unique electrical and optical properties, which could lead to the fabrication of new functional devices (30) . However, the synthesis of shape-controlled nanowires generally relies on confinement-guided nanowire growth that requires prepatterned templates prepared by lithography-based methods, which are not readily available and hinder widespread applications. By virtue of strain engineering, our approach enables facile preparation of wrinkled DNA nanowires that could subsequently be used as a template for the synthesis of wavy metallic or semiconducting nanowires (Fig. 3 E-H) , which would overcome the current limit.
We have uncovered a unique feature of the wrinkle-to-fold transition phenomenon of a skin-substrate system caused by capillary forces of water and demonstrated that this phenomenon yields a new route to the development of highly aligned DNA nanowires. Also, we have shown that this approach enables ready preparation of wrinkled DNA nanowires, which could make possible new fabrication opportunities for functional materials. Additional discussion of the effects of several parameters on the wrinkle-to-fold transition is provided in Supporting Information and Fig. S4-S10 . Nonlinear analysis and modeling are required for improved quantitative understanding of the capillarity-induced wrinkle-to-fold transition. In addition, further studies may give insight into biological morphogenesis, because skin-substrate systems are ubiquitous in organisms where water is a major constituent.
Materials and Methods
Formation of Wrinkles and Folds. PDMS prepolymer was prepared by mixing a silicone elastomer base with a curing agent at a ratio of 20:1 by weight (Sylgard 184; Dow Corning Corp.). The mixture was cured at 70°C for 2 h, and the resulting PDMS sheet with a thickness of 1.5 mm was cut into substrates of 10 × 30 mm. Before curing, the air bubbles trapped in the mixture were removed in a vacuum chamber. Each PDMS substrate was stretched uniaxially using a custom-built stretcher and treated with oxygen plasma for varying durations, t, with a low-pressure plasma system (COVANCE; Femto Science) to form a stiff oxidized skin of various thicknesses on the surface. The flow rate, power, and pressure during the treatment were maintained at 20 standard cm 3 /min, 100 W, and ∼0.6 Torr, respectively. The stretch applied to the substrate was released to mechanically induce in the skin a nominal compressive strain e, defined as the change in length per unit of the initial length of the substrate. The magnitude of the mechanical strain was controlled by adjustment of the level of the release of the stretch. A droplet of water (1-2 μL) was subsequently placed on the surface before or after application of the strain. Note that the experiments were generally performed right after oxygen plasma treatment to avoid the hydrophobic recovery of the surface because the surface hydrophilicity plays a key role in triggering the folding instability of the skinsubstrate system, as discussed above.
DNA Molecules. λ-DNA (48,502 bp; 500 ng/μL in 10 mM Tris·HCl and 1 mM EDTA) was purchased from Bioneer Corporation. A droplet (1-2 μL) of the DNA solution [≤50 ng/μL in deionized (DI) water solution] was placed on wrinkled surfaces, followed by evaporation at room temperature. For the fluorescence measurement, λ-DNA was labeled at a dye:base pair ratio of 1:15. YOYO-1 iodide (3 μL; Life Technologies Corporation) was taken directly from the original solution and added to 8 ng/μL DNA solution (2.4 mL).
Surface Characterization. The surface morphology and DNA molecules were characterized with respect to e using an atomic force microscope (AFM) (XE-70; Park Systems) and an optical microscope (BX53M; Olympus). The fluorescence measurements of the DNA molecules were performed in the dark using a confocal microscope (LSM 700; Zeiss). The wettability of the skin was evaluated by measurements of the static contact angles of droplets of distilled water (1 μL each) placed on the flat skin surface (i.e., e = 0.00). The measurements were conducted using the sessile drop method, and changes in the wettability were characterized with respect to time after completion of the plasma treatment. The DNA nanowires formed in the folds were analyzed using the AFM. Note that after the folds containing DNA nanowires formed, the compressive strain that had been applied to the skin to create the initial wrinkles was removed or decreased so that the nanowires could appear on the surface.
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Folds Formed with Small Strains
Figs. S1 and S2 present microscope images of localized folds formed using wrinkles prepared with e ≈ −0.01 and −0.03, respectively. For Fig. S2 , the bottom surface has roughness whose mean height is around 1 nm, which can be attributed to the inherent surface morphology of the PDMS substrate because such a structure is present on the flat skin as well. Fig. S3A shows a diagram of the wrinkle-to-fold transition for various t and θ. As t increases, the range of θ that allows for the transition becomes smaller. Note that θ was controlled by exploiting an aging effect of the plasma-treated hydrophilic skin. This effect is a well-known phenomenon that if a plasma-treated hydrophilic surface is left in contact with air, the surface changes to hydrophobic over time to lower the surface free energy through rearrangements of polar groups on the surface and/or attachment of contaminants to the surface. Thus, different values of θ were obtained by varying when to place a water droplet on a wrinkled surface after completion of the oxygen plasma treatment. Fig. S3 B and C shows optical and atomic force microscope images of a wrinkled surface prepared using e ≈ −0.03 and t = 30 min obtained, respectively, before and after evaporation of a water droplet placed on the surface, which demonstrates the suppression of the wrinkle-to-fold transition. The thickness of the skin is estimated to be 112 nm using h ≈ L W (E s /E f ) 1/3 /4.4 (31) , which is about twice the thickness for t = 10 min where the transition occurs.
Wettability and Thickness of the Skin

Young's Modulus
As described in the main text, the Young's modulus of the substrate affects the response of the skin attached to the substrate. Fig. S4 presents optical and atomic force microscope images showing the wrinkle-to-fold transition at the boundary for E s = 2 and 0.5 MPa, respectively. The Young's moduli were controlled by adjustment of the mixture ratio of a silicone elastomer base with a curing agent at ratios of 10:1 and 20:1 by weight, respectively. As the Young's modulus increases, l and s decrease.
Swelling Fig. S5 presents optical and atomic force microscope images of the flat surface obtained before and after evaporation of a water droplet placed on the surface, respectively, where no wrinkles or folds are observed. These results indicate that even if the skin swells, the strain induced in the skin should be below a critical level. Therefore, the effect of swelling on the wrinkle-to-fold transition is negligible. With respect to the PDMS substrate, Lee et al. (32) investigated the swelling of PDMS in various solvents and concluded that water does not swell PDMS. Fig. S6 shows bright-and dark-field optical microscope images of a water droplet placed on a wrinkled surface. In the dark-field image, we observe the folds developing around the boundary of the droplet, whereas in the region beneath the droplet that is away from the boundary we only see the wrinkles that have been formed before deposition of the droplet. Note that there is a region where folds invade inward from the boundary of the droplet as indicated by the orange dotted box. Such an invasion of the patterns from outside to inside the droplet can be attributed to the boundary confinement (33) .
Laplace Pressure
The vertical force acting downward (F d ) due to the Laplace pressure is given by F d ≈ pπR 2 , where R is the radius of the droplet, and the vertical component of the capillary force upward at the contact line (F u ) is written as F u = 2πRγsinθ (Fig. S7) . Because these forces are balanced, p = 2γsinθ/R. The strain in the vertical direction, e, can be expressed by e ≈ p/E f = 2γsinθ/(RE f ). Using values of γ = 0.072 N/m, R = 2 mm, E f = 200 MPa, and θ ≈ 5°, the strain is calculated to be e ≈ 10 −7
, which is so small that the effect of the Laplace pressure inside the droplet of water is negligible.
DNA Molecules
Spontaneous evaporation of a droplet of the DNA solution on an Si wafer results in the formation of coiled DNA molecules whose contour length is 16.3 μm (Fig. S8A) . When a droplet of the DNA solution is placed on the flat surface, the molecules tend to accumulate at the contact line, known as the coffee-ring effect, leading to suppression of the development of an array of folds at the boundary even though compressive strain is incrementally applied to the skin (Fig. S8B ). This experimental observation implies that there would be other factors, including the concentration of the DNA solution, that allow for proper development of the folds at the boundary, details of which remain to be studied.
We have performed several sets of experiments to investigate the effect of DNA concentration on the wrinkle-to-fold transition by using DNA solutions of concentrations ranging from 8 to 500 ng/μL (Figs. S9 and S10). First, we measured contact angles of droplets on a pristine flat PDMS substrate to see the tendency of contact angle changes for a wide range of concentration (open circles in Fig. S9 ). When the concentration is up to 50 ng/μL, the contact angle reaches ∼120°. Further increase in concentration to 250-500 ng/μL leads to an increase in contact angle to ∼130°. These results imply that the surface tension would slightly change according to the range of concentration. Next, based on the aforementioned results, we performed another set of contact angle measurements by using a plasma-treated hydrophilic PDMS substrate for DI water and DNA solutions (50 and 500 ng/μL), whose results are presented by the filled circles in Fig. S9 . The contact angle increased from ∼4°to ∼15°as the concentration increased from 0 to 500 ng/μL.
When a droplet of DNA solution of 50 ng/μL was placed on a wrinkled surface, the wrinkle-to-fold transition occurred, forming DNA nanowires, whereas that of 500 ng/μL inhibited the transition, and the accumulation of the molecules was observed at the boundary (Fig. S10) . Here, we revisit Fig. S3A presenting the conditions of t and θ under which the wrinkle-to-fold transition occurs. The DNA solutions of 50 and 500 ng/μL have θ ≈ 10°and 15°, yielding cos θ ≈ 0.985 and 0.966, respectively. According to Fig. S3A , the latter value is in the range where the transition does not occur, which is in agreement with the experimental observation shown in Fig. S10 . These results suggest that the surface tension and contact angle play important roles in triggering the wrinkle-to-fold transition and forming DNA nanowires. Further detailed investigations would be needed to elucidate the underlying physics and to find various applications of our system. . Folds developing around the boundary of a droplet. Bright-field (Left) and dark-field (Right) optical microscope images of a droplet placed on a wrinkled surface (t = 20 min, e ≈ −0.03) are presented. These images were obtained as soon as the droplet started receding from the boundary. The region indicated by the orange dotted box illustrates the development of folds around the boundary under the droplet, and the area beneath the droplet indicated by the yellow one shows wrinkles that were created before deposition of the droplet. Fig. S7 . Schematic illustration of a droplet sitting on the skin-substrate system. The droplet of water whose surface tension is e has a radius of R, and its contact angle is θ. The Laplace pressure inside the droplet, p, is normal to the surface of the skin-substrate system. S10 . Effect of the DNA concentration on the wrinkle-to-fold transition. A droplet (1 μL) of water containing different concentrations (50 and 500 ng/μL) of DNA molecules was placed on a wrinkled surface (t = 10 min, e ≈ −0.03). The optical microscope images illustrate the development of folds for 50 ng/μL (Left) and the suppression for 500 ng/μL (Right).
